We address the issue of fine-tuning of the initial field configuration that can lead to hybrid inflation in the context of global supersymmetry. This problem is generated by the difference between the energy scale at which the Universe emerges from the Planck era and the inflationary scale implied by the COBE observations: V 1/4 ∼ 10 −3 m P l . We propose a scenario with two stages of inflation. The first stage, with a typical scale not far from m P l , occurs "naturally" and provides the necessary homogeneity for the second stage. The latter generates the density perturbations that result in the cosmic microwave background anisotropy observed by COBE.
Introduction
The construction of a realistic inflationary scenario is constrained by the following main requirements: a) A realistic particle physics model must be constructed, which guarantees the presence of a phase where the stress-energy tensor of the Universe is dominated by the potential energy density. b) This phase must emerge "naturally", so that the initial conditions for the onset of inflation are not fine-tuned. c) The experimental constraints, resulting mainly from the COBE observation of the cosmic microwave background anisotropy, must be satisfied.
The most common way of satisfying the first requirement is by constructing a field-theoretical model that predicts an almost flat direction in field space with non-zero potential energy density. A very small slope of the potential along this direction results in the slow rolling of the inflaton field σ. Inflation stops when the inflaton rolls beyond the point where the flat direction ends. It is crucial that the flatness of the potential in the inflationary trajectory be preserved by quantum (and possible thermal) corrections. A natural implementation of this scenario occurs when hybrid inflation [1] is embedded in the context of supersymmetry [2] - [9] . Flat directions in the potential appear without fine-tuning, and are stable against quantum corrections. An important aspect of the hybrid inflationary scenario is that the part of inflation with observable consequences takes place for values of the inflaton field below the Planck scale [2] where models can be reliably constructed. (Throughout the paper we use the "reduced" Planck scale m P l = M P l / √ 8π, M P l = 1.2 × 10 19 GeV.) A crucial aspect of the problem of initial conditions is whether the presence of inhomogeneities or non-zero time derivatives of the fields prevents the onset of inflation. Previous studies focused on the evolution of spatial or time derivatives of the inflaton field (for a review see ref. [10] ). For the "new" inflationary scenario [11, 12] the influence of such derivatives makes the fine-tuning of the initial conditions necessary for a sufficient amount of inflation to take place [13, 10] . For chaotic inflation [14] , this problem is not severe [10] . In the context of hybrid inflation, the question of initial conditions has been addressed recently [15] - [17] . In ref. [17] it was shown that severe fine-tuning of the initial configuration that will lead to inflation is necessary. This is a consequence of the presence of (one or more) scalar fields coupled to the inflaton, and the need to satisfy the observational constraints. We briefly summarize the arguments below.
For hybrid inflation the slow rolling of the inflaton occurs along a valley of the potential. It ends when the valley turns into a ridge and the slow-roll regime terminates, owing to the growth of fluctuations of fields orthogonal to the inflaton field. Typically this point of instability corresponds to a value of the inflaton below the Planck scale. The COBE observation of the cosmic microwave background anisotropy constrains the properties of the model along the inflationary trajectory [12, 18, 19] . On general grounds, one expects the inflationary energy scale V 1/4 (determined by the vacuum energy density during inflation) to be at least two or three orders of magnitude smaller than the Planck scale [20] :
Here ǫ is a "slow-roll" parameter [19] that must be much smaller than 1 during inflation. The onset of inflation requires a region of space of a size of a few Hubble lengths where the fields take almost constant values, so that the gradient energy density is negligible compared to the potential energy density. The earliest time at which one could start talking about such regions of space is when the Planck era (during which quantum gravitational fluctuations dominate) ends and classical general relativity starts becoming applicable. The initial energy density is of order m 4 P l . For a theory with couplings not much smaller that 1, the initial field values within each region are expected to be of order m P l .
Inflation could start at the end of the Planck era, provided that the fields take appropriate values. However, it is most likely that the fields will evolve, from some initial values that do not give rise to inflation, to different values that do. The difference between the initial energy scale m P l of the field evolution and the inflationary scale V 1/4 implies that the fields evolve for a long time before settling down along the inflationary trajectory. The Hubble parameter H sets the scale for the "friction" term in the evolution equations, which determines how fast the energy is dissipated through expansion. When the energy density drops much below m 4 P l , the smallness of the "friction" term results in a very long evolution, during which the fields oscillate around zero many times. Some of the trajectories eventually settle down in the valley of the potential that produces inflation. However, the sensitivity to the initial conditions is high because of the long evolution. A slight variation of the initial field values separates inflationary trajectories from trajectories that lead to the minima of the potential, where inflation does not occur.
The implications for the initial configuration that will lead to the onset of inflation are severe. It was shown in ref. [17] that, for the prototype model of hybrid inflation [1] with a scale consistent with the COBE observations, the most favourable area of inflationary initial conditions is a thin strip of width 10 −5 m P l around the σ axis. Throughout a region of space of a size of the order of the Hubble length (which initially is ∼ m −1 P l ), the initial value of the field orthogonal to the inflaton must be zero with an accuracy 10 −5 m P l . This should be compared to the natural scale of the initial fluctuations of the fields, which is of order m P l . If this condition of extreme homogeneity is not satisfied the fields in different parts of the original space region will evolve towards very different values. In one part they may end up in the valley along the σ axis, while in another they may settle at the minima of the potential. Before inflation sets in, the size of space regions shrinks compared to the Hubble distance. As a result, large inhomogeneities are expected at scales smaller than ∼ H −1 when the evolution of the fields finally slows down. These will prevent the onset of inflation. The fine-tuning of the initial configuration must be increased by several orders of magnitude if the initial time derivatives of the fields are non-zero.
In ref.
[17] the evolution of the scale factor R relative to the Hubble parameter was also studied, starting from an initial value R 0 ∼ H −1 0 . At the onset of inflation, R was found to be smaller than H −1 typically by a factor of order 10-100. This implies that the initial homogeneous region should extend far beyond a few initial Hubble lengths for this region to inflate.
In this paper we suggest a simple resolution of the issue of fine-tuning described above. The origin of the problem lies in the difference between the inflationary scale of eq. (1.1) implied by the COBE observations, and the Planck scale. This difference has two consequences: a) The "friction" term, proportional to H, in the evolution equations becomes very small when the energy density drops far below the Planck scale. As a result, a long evolution takes place before the system settles down along a flat direction or at the minima of the potential. This generates very high sensitivity to the initial conditions and requires extreme homogeneity of the initial configuration, as we explained above. b) The reduction of R relative to H −1 during the pre-inflationary evolution implies that this extreme homogeneity must be assumed far beyond the initial Hubble length. The first problem can be resolved if the Hubble parameter stays large until the fields settle down along the flat direction that will eventually produce inflation. The presence of an additional field sector with initial energy density of order m 4 P l can keep H large during this first part of the evolution. The second problem indicates the necessity of a first stage of inflation that will produce a high degree of homogeneity far beyond the Hubble length.
The above considerations have motivated us to envisage a scenario with two stages of inflation. The first stage has a typical scale ∼ m P l , occurs "naturally", and provides the homogeneity that is necessary for the second stage. The latter generates the density perturbations that result in the cosmic microwave background anisotropy observed by COBE. Similar ideas have been discussed in ref. [21] in the context of chaotic inflation. A scenario analogous to ours has been proposed for the resolution of the problem of initial conditions for "new" inflation [22] .
In section 2 we present a quantitative discussion of the fine-tuning of the initial conditions for hybrid inflation in the context of a globally supersymmetric model. In section 3 we introduce an extension of the model that allows for an additional first stage of inflation. This resolves the problem of fine-tuning. We conclude by discussing the possible implementation of the idea in the context of supergravity.
One-stage inflation and fine-tuning
We consider a supersymmetric model described by the superpotential [2, 3] 
Here S , Φ andΦ are chiral superfields, for which we assume canonical kinetic terms. The above superpotential is the only renormalizable one consistent with a continuous U (1) R-symmetry under which W → e iθ W , S → e iθ S,ΦΦ →ΦΦ. The superfields Φ andΦ transform under an internal gauge symmetry, which we take to be a U (1) symmetry for simplicity: Φ → e iω Φ, Φ → e −iωΦ . The S superfield is a gauge singlet. The gauge symmetry is spontaneously broken at the scale µ/ √ λ. The potential is given by 1
Vanishing of the D-terms is achieved along the D-flat directions where |Φ| = Φ . Through appropriate gauge and R-transformations along the D-flat directions we can bring the fields in the form
The real fields σ, φ 1 , φ 2 have canonically normalized kinetic terms. The potential can now be written as
The vacua are located at σ = 0, φ 2 1 = 4µ 2 /λ, φ 2 = 0. The potential has a flat direction along the σ axis with V (σ, φ 1 = φ 2 = 0) = µ 4 . Along this direction the mass terms of the φ 1,2 fields are
An instability appears for
which can trigger the growth of the φ 1 field. The flatness of the potential along the σ axis is lifted by radiative corrections, resulting from the breaking of supersymmetry by the non-zero value of V (σ, φ 1 = φ 2 = 0). For a U (1) gauge symmetry and for σ ≫ σ ins the one-loop contribution to the effective potential along the σ axis is given by [3, 16] 
The precise value of the normalization scale Λ is not important for our discussion. The importance of the above contribution for our discussion lies in that it generates a small positive slope along the σ axis
We assume that a Robertson-Walker metric is a good approximation for the regions of space with uniform fields that we are considering. The evolution of the fields is given by the standard equationsσ
where
Inflation can occur in the almost flat direction along the σ axis. For σ ≫ σ ins 2 the "slowroll" parameters ǫ, η [19] are small as long as σ/m P l > ∼ λ/ √ 8π 2 . For λ > ∼ 10 −3 the spectrum of the adiabatic density perturbations in this inflationary scenario is estimated to be [3] 12) where N Q ≃ 60 is the number of e-foldings of our present horizon scale during inflation. Comparison with the value δ H = 1.94 × 10 −5 , deduced from the COBE observation of the cosmic microwave background anisotropy gives
As we have discussed in the introduction, inflation does not start immediately, as soon as the Universe emerges from the Planck era. An initial evolution of the fields takes place, during which they approach the flat direction and eventually settle on the slow-roll trajectory. A typical example of this part of the evolution is depicted in fig. 1 . We have taken λ = 0.05 and chosen the mass scale µ/m P l = 5 × 10 −4 near the value implied by the COBE observations. The initial field values are near m P l , with φ 1 , φ 2 smaller than σ, so that the evolution starts near the
. The evolution equations (2.9)-(2.11) have been integrated numerically. The small radiative contribution of eq. (2.7) has been neglected, so that φ 1 = φ 2 = 0 corresponds to a completely flat direction. The initial time derivatives of the fields have been set to zero. This is the most favourable situation for the onset of inflation. We observe an initial stage during which the σ field decays, while φ 1 and φ 2 oscillate rapidly around zero. The decay is due to the large initial value of H, induced by the large average value of V in eq. (2.11). When σ becomes much smaller than its initial value, H drops significantly and the "friction" term in eqs. (2.9), (2.10) becomes less important. As a result, the system of fields enters a stage of oscillations around zero, with very slowly decaying amplitudes. This stage lasts for a time larger than the interval depicted in fig. 1 by several orders of magnitude. Eventually the system settles down either along the flat direction or at the minima of the potential.
This type of evolution generates high sensitivity to the initial conditions. A slight variation of the initial field values separates inflationary trajectories from trajectories that lead to the minima of the potential, where inflation does not occur. This high sensitivity has severe implications for the initial configuration that will lead to the onset of inflation. For inflation to start, a region of space of a size of a few Hubble lengths is required, in which the fields take almost constant values, so that the gradient energy density is negligible compared to the potential energy density. However, it is not sufficient to assume that such a homogeneous region emerges at the end of the Planck era, since this homogeneity must be maintained during the whole evolution, up to the point where inflation starts. For this to happen, the fields within the region of space should not vary more than the minimal difference between the initial values for a trajectory that eventually leads to inflation and those for a trajectory that leads to the minima of the potential. If this condition of extreme homogeneity is not satisfied, the fields in different parts of the original space region will evolve towards very different values. Before inflation sets in, the size of space regions shrinks with respect to the Hubble distance. As a result, large inhomogeneities will appear at scales smaller than ∼ H −1 when the evolution of the fields finally slows down, which will prevent the onset of inflation.
It was shown in ref. [17] that, for the prototype model of hybrid inflation [1] and µ < ∼ 10 −1 m P l , the most favourable area of inflationary initial conditions is a thin strip around the σ axis. If the fields start in this area without initial time derivatives, σ does not oscillate around zero, but quickly settles along the flat direction. We can obtain a rough estimate of the width of this area if we consider eq. (2. 
Two time scales characterize the solutions of this equation. The first one is related to the friction term and is given by t
The other time scale is obtained if we neglect the friction term and consider the oscillations of the σ field. One-fourth of the period is the typical time for the system to roll to the origin and away from an inflationary solution. It is given by
Inflation sets in if t osc > ∼ t H , which gives
We have verified numerically that the above relation gives the correct order of magnitude for the size of the strip around the σ axis that leads to inflationary solutions. Our assumptions for the derivation of the above bound break down when σ > ∼ 24/π 2 m P l = 1.6m P l . For our choice of µ and λ the initial value of the fields orthogonal to the inflaton must be zero with an accuracy ∼ 10 −5 m P l throughout a region of space of a size of the order of the Hubble length. This should be compared to the natural scale of the initial fluctuations of the fields, which is of order m P l . The fine-tuning of the initial configuration must be increased by several orders of magnitude if the initial time derivatives of the fields are non-zero [17] . In ref.
[17] the evolution of the scale factor R relative to the Hubble parameter was also studied, starting from an initial value R 0 ∼ H −1 0 . At the onset of inflation, R −1 was found to be smaller than H −1 typically by a factor of order 10-100. This implies that the initial homogeneous region should extend far beyond a few initial Hubble lengths for this region to inflate. It is very difficult to calculate a probability distribution for the initial field configurations, and thus have a quantitative estimate of the probability of inflation to occur. This requires a reliable description of Planck scale dynamics. For this reason we cannot address the question of whether such a homogeneous initial state is probable or not. The above results, however, indicate that one-stage hybrid inflation does not occur "naturally". In the following section we describe two possible extensions of the model, within which the problem of the fine-tuning of the initial conditions is resolved.
Two-stage inflation
We consider two extensions of the model of the previous section, which permit a two-stage inflation.
Chaotic-Hybrid
The first model is described by the superpotential
where S ′ is a gauge singlet chiral superfield, whose scalar components are given by S ′ = (σ 1 + iσ 2 ) / √ 2. This is a very simple extension of the minimal superpotential giving rise to hybrid inflation. The above superpotential is the only renormalizable one consistent with a continuous U (1) R-symmetry under which W → e iθ W , S → e iθ S, S ′ → e iθ/2 S ′ ,ΦΦ →ΦΦ. The potential derived from W is given by eq. (2.4) with the addition of the mass term
For initial values of σ 1 and σ 2 larger than m P l , this system undergoes a first stage of chaotic inflation, followed by a second stage of hybrid inflation similar to the one discussed in the previous section. In fig. 2 we present the evolution of the various fields for the choice of parameters µ/m P l = 5 × 10 −4 , λ = 0.05, m/m P l = 10 −3 . The initial values of the fields have been taken to be σ 0 /m P l = 0.7,
, with their time derivatives equal to zero. We observe that the fields σ 1 , σ 2 quickly approach a slowroll regime and they attain almost constant velocities. This regime terminates when σ 1,2 ≃ 1. During this time, the vacuum energy density is dominated by the contribution of eq. (3.2) and a period of inflation takes place. The Hubble parameter has a value H i /m P l ≃ 3.4 × 10 −3 at the beginning of the slow-roll regime, which drops to H f /m P l ≃ 6 × 10 −4 at its end. A total number of N 1 ≃ 16 e-foldings is generated by this first stage of inflation.
In the model we have described, the onset of inflation occurs "naturally". The initial correlation lengths of the various fields are comparable to the Hubble length H −1 and, therefore, an initial field configuration homogeneous over a few Hubble lengths is not unlikely.
The evolution of σ, φ 1 , φ 2 is also depicted in fig. 2 . The presence of a large "friction" term H ∼ m σ 2 1 + σ 2 2 /m P l in their evolution equations forces these fields to quickly settle down along their flat direction. The time derivatives of φ 1 , φ 2 go to zero, while that of σ reaches a very small value because of the small slope induced by the contribution of eq. (2.8). The total classical evolution of σ during the first stage of inflation is negligible. This behaviour should be contrasted with the one depicted in fig. 1 . In that case the "friction" term H ∼ µ 2 /m P l was smaller by several orders of magnitude, and the field oscillations decayed very slowly.
After the end of the first stage of inflation, an intermediate stage takes place during which σ 1 and σ 2 oscillate around zero. The energy density of the Universe decreases, until the point where the final vacuum energy density µ 4 starts to dominate and the second stage of inflation begins. During all this time the system (σ, φ 1,2 ) remains unperturbed at the classical level, as it is not coupled to σ 1 , σ 2 . However, a more careful analysis is required in order to take into account quantum fluctuations of the fields.
During the first stage of inflation, the almost massless field σ has a spectrum of quantummechanical fluctuations characterized by (∆σ)
where H 1 is the Hubble parameter. For constant H 1 , the freezing of fluctuations that cross the horizon results in a mean square fluctuation of the classical field σ [23] (∆σ) 4) where N 1 is the number of e-foldings. For the model we are discussing H 1 is slowly decreasing, and the above expression gives an upper bound on ∆σ if the initial value H i is employed. For N 1 ≃ 16, H 1 = H i ≃ 3.4 × 10 −3 m P l we conclude that the mean square fluctuation of σ is negligible compared to its mean value σ ≃ 0.63. At the end of the first stage of inflation, the energy density in spatial gradient terms associated with the perturbations ∼ H f /2π of massless fields like σ is ∼ H 4 f /4π 2 . It is further reduced by the subsequent expansion and stays much smaller than the total energy density during the whole intermediate stage between the two inflations. As a result, it is negligible compared to the vacuum energy density µ 4 when this begins to dominate.
The fluctuations of the massive fields φ i , i = 1, 2, generated by the first stage of inflation are given by
where m i is their mass and c = O 10 −1 . During the intermediate stage the amplitude of these fluctuations drops ∼ R −3/2 . As a result we expect that, when the energy density becomes comparable to µ 4 , this amplitude is approximately given by
Here H 1 has to be taken close to its value towards the end of the first stage of inflation We conclude that the necessary conditions for the onset of the second stage of inflation are "naturally" satisfied. Due to the expansion during the first stage, the homogeneous regions extend far beyond the Hubble length H −1 2 . The fields σ, φ 1 , φ 2 are localized on the flat direction of the potential. More specifically, the degree of homogeneity of φ 1 , φ 2 satisfies the constraint of eq. (2.17). Thus, the second stage of inflation "naturally" sets in. It generates N 2 ≃ 6.3 × 10 3 e-foldings and density perturbations in agreement with the COBE observations.
Hybrid-Hybrid
The model described by the superpotential
is essentially composed of two sectors similar to the one of eq. (2.1). We assume that the new superfields Ψ,Ψ transform under an internal U (1) gauge symmetry. The S ′ superfield is a gauge singlet. Under the continuous U (1) R-symmetry the new superfields transform as S ′ → e iθ S ′ , ΨΨ →ΨΨ. The absence of a coupling SΨΨ is explained if we regard S as the linear combination of the gauge singlets that does not couple toΨΨ. Making use of the continuous symmetries of W and staying along the D-flat directions, we can choose the real components of the various canonically normalized scalar fields as
The potential is then given by the expression
where the mass scales µ ′ , µ are chosen to satisfy the inequality µ ′ ≫ µ. The minima of this potential are located at
For φ 1 = φ 2 = ψ 1 = ψ 2 = 0 the potential is independent of σ, σ 1 , σ 2 and has the value V = µ ′4 + µ 4 ≃ µ ′4 , which is the vacuum energy density during the first stage of inflation. The mass terms of the φ 1,2 and ψ 1,2 fields are
We see that the squared mass term of the ψ 1 field becomes negative for 12) while that of the φ 1 field turns negative for 13) signalling instabilities in the ψ 1 and φ 1 directions. The flatness of the potential is lifted by radiative corrections. For σ and σ 1,2 far above the instability points the one-loop contribution to the effective potential is
14)
The second stage of inflation can take place for φ 1 = φ 2 = σ 1 = σ 2 = ψ 2 = 0, ψ 2 1 = 4µ ′2 /λ ′ . Then the potential is independent of σ and the vacuum energy density is V = µ 4 . A small slope in the σ direction is provided by the radiative contribution of eq. (2.8), leading to a second stage of inflation in complete analogy to the one we discussed in section 2.
In figs. 3 and 4 we present the evolution of the various fields for the model of eq. (3.7) with µ/m P l = 5×10 −4 , λ = 0.05, µ ′ /m P l = 0.1, λ ′ = 0.1, g = 0.1, and initial conditions σ 0 /m P l = 0.7,
The initial time derivatives of the fields have been taken equal to zero. We observe that the system quickly settles along the flat direction φ 1 = φ 2 = ψ 1 = ψ 2 = 0 and a first stage of inflation begins. As the initial correlation lengths of the various fields are comparable to the initial Hubble length H −1 , it is not unlikely to have a field configuration homogeneous over a few Hubble lengths. The initial homogeneity is expected to be preserved by the short evolution to the flat direction. As a result, the onset of inflation occurs "naturally" in this model.
The first stage of inflation is characterized by a constant Hubble parameter H 1 /m P l = 5.8×10 −3 . It lasts until an instability point is reached. For our choice of couplings the mass term of the ψ 1 field is the first one to turn negative. This occurs for σ/m P l = 0.61, σ 1 /m P l = 0.32, σ 2 /m P l = 0.31. A total number of N 1 ≃ 1.5 × 10 3 e-foldings is generated by the first stage of inflation. The subsequent evolution proceeds in complete analogy to the discussion in the previous section. An intermediate stage takes place, during which the fields σ 1,2 , ψ 1,2 oscillate around the minimum at σ 1 = σ 2 = ψ 2 = 0, ψ 2 1 = 4µ ′2 /λ ′ , and the energy density is dissipated through expansion. When it becomes ∼ µ 4 the second stage of inflation begins, with a constant Hubble parameter H 2 /m P l = 1.4 × 10 −7 . Due to the expansion during the first stage, the homogeneous regions extend far beyond the Hubble length H −1 2 . Moreover, the fields σ, φ 1 , φ 2 are localized on the flat direction of the potential. The amplitudes of φ 1 , φ 2 are given by eq. (3.6) and satisfy the constraint of eq. (2.17). Thus, the second stage of inflation "naturally" sets in. It generates N 2 ≃ 5.9 × 10 3 e-foldings and density perturbations in agreement with the COBE observations.
Conclusions
In this paper we addressed the problem of fine-tuning of the initial conditions for supersymmetric hybrid inflation. This problem is generated by the difference between the energy scale at which the Universe emerges from the Planck era (near m P l ) and the inflationary scale implied by the COBE observations (V 1/4 ∼ 10 −3 m P l ). We suggested a simple resolution of the issue of fine-tuning by considering a scenario with two stages of inflation at two different energy scales. The first stage has a typical scale not far from m P l . Consequently, the Hubble parameter stays large until the fields settle down along the direction that produces inflation. Due to the large "friction" term in the equations of motion, the initial part of the evolution towards the inflationary direction is short and the first stage of inflation occurs "naturally". After the end of this stage a subset of the fields moves towards a minimum of the potential, around which it performs damped oscillations. During this intermediate stage the energy density is reduced through expansion. A second stage of inflation begins when the energy density falls below the false vacuum energy density associated with a second-order phase transition involving the remaining fields. The homogeneity far beyond the Hubble length that was produced during the first inflationary stage makes the onset of the second stage "natural", despite the fact that the Hubble length is much larger than the one of the first stage. The second stage of inflation generates the density perturbations that result in the cosmic microwave background anisotropy observed by COBE. In section 3 we gave two realizations of the above scenario in the context of global supersymmetry. The first employs one chaotic and one hybrid inflation, while the second one employs two hybrid inflations that take place for field values below m P l .
The generalization of the two-stage inflationary scenario in the context of supergravity is difficult. The case of a first-stage chaotic inflation suffers from the obvious difficulty that it requires field values larger than m P l . For the second scenario that involves two hybrid inflations, the tree-level potential has a multiple F -flat direction at Φ =Φ = Ψ =Ψ = 0. When global N = 1 supersymmetry is replaced by N = 1 supergravity, all flat directions are, in general, lifted and inflation becomes impossible. In the context of canonical supergravity (minimal Kähler potential) and a linear superpotential of the form W = −µ 2 S (like the one encountered in hybrid inflationary models) a miraculous cancellation takes place that prevents the appearance of a mass term for S [2] . Therefore, there is a possibility for S to play the role of the inflaton. However, for a superpotential such as the one of eq. (3.7) only a linear combination of S and S ′ stays "massless", with the orthogonal combination acquiring a large mass term [6] . This implies that only one inflationary stage is likely to survive in the context of supergravity. However, this argument does not apply to the case where inflation is driven by a D-term energy density [7] . The two-stage inflationary scenario may then be possible along an appropriate combination of F -flat and D-flat directions. 
